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Radiopaque catheter and method of manufacture thereof having a first layer and a second layer in a coaxial arrangement wherein each 
of the layers has a radiopaque filler material intermixed therewith. The radiopaque filler materials and/or the concentrations thereof may be 
the same or different for each of the layers. Further, the plastic binder material used for each of the layers may be the same or different. By 
selecting a high concentration of a highly radiopaque filler material for an inner layer and a lower concentration of a radiopaque filler that 
is selected to provide a relatively smooth surface, the X-ray visibility of the catheter may be maximized while still maintaining a relative 
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RADIOPAQUE CATHETER AND METHOD OF MANUFACTURE 

THEREOF 
TECHNICAL FIELD 
This invention relates to the field of intravascular medical devices, and more 
5 particularly to the field of catheters such as angiographic and guide catheters used for the 
placement of medicines and medical devices within the body. More specifically, the 
invention relates to an improved catheter having increased radiographic visibility while 
optimizing the performance and surface characteristics of the same. 

B ACK GR O UND OF THE INVENTION 

1 o Angiographic and guide catheters are well known in the field of medicine for use 

in conjunction with other catheters for the treatment of cardiovascular disease through 
such procedures as percutaneous transluminal coronary angioplasty (PTCA) procedures. 
Guide catheters aid in treatment of arterial lesions by providing a conduit for positioning 
dilatation balloon systems across an arterial stenosis. Angiographic catheters aid in 
15 delivering radiopaque dyes and the like into selected blood vessels to allow angiographic 
examination and the like of the blood vessels. The need for a greater variety of catheters 
to treat different types of circumstances has grown tremendously as the techniques for the 
use of such devices has grown. 

During the treatment of cardiovascular disease, guide catheters and diagnostic 

2 0 catheters must be able to traverse tortuous pathways through blood vessels in a manner 

that minimizes trauma In order for the physician to place the catheter at the correct 
location in the vessel, the physician must apply longitudinal and rotational forces thereto. 
Catheters must typically be stiff enough to transmit the required forces, while at the same 
time flexible enough to maneuver through the vascular system. For optimum 
25 performance and control, a catheter must achieve a balance between these often 
competing factors. 

In many applications, the catheter is guided through the aorta, over the aortic 
arch, and down to the ostium of the vessel which is to be treated or diagnosed. To reach 
such sites, the proximal section of the catheter is typically relatively rigid for transmitting 
30 the forces applied, and the distal section is more flexible to allow for better tracking and 
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placement of the catheter within the vessels. One approach to increase the strength of the 
proximal section is to include a metal braid or coil therein. Another approach is to 
merely use a stiffer polymer in the proximal portion than in the distal portion. 

In many surgical procedures, it is important to determine the location or position 
5 of the catheter within the body. This is often accomplished by incorporating a 
radiopaque material in the catheter. X-ray observation techniques can then be used to 
view the position of the catheter within the body. 

It is known to mix a radiopaque material, typically in a powder or granular form, 
with the plastic material of the catheter. One potential limitation of this approach is that 

10 the inner and outer surfaces of the catheter may become rough or course. This may be 
particularly problematic when the concentration of the radiopaque filler material is high, 
especially near the surface. For some radiopaque filler materials, high concentrations 
may be required to achieve the desired X-ray visibility. Another limitation may be that 
the radiopaque filler material may cause the plastic binder materials to lose their original 

15 and desired thermoplastic properties. Hard granular radiopaque materials in particular 
may detract from the desired flexibility, ductility and maneuverability of the resulting 
tubing in direct proportion to the amount of radiopacity that they impart. 

One approach for overcoming some of these limitations is discloses in U.S. 
Patent No. 4,657,024 to Coneys. Coneys suggests completely embedding and 

2 0 surrounding a radiopaque layer with a non-radiopaque plastic material. Presumably, 
since the plastic material that surrounds the radiopaque layer does not include any 
radiopaque filler material, the inner and outer surfaces of the medical-surgical tube can 
be made smooth. 

Another approach is disclosed in U.S. Patent No. 3,618,614 to Flynn. Flynn 

2 5 suggests providing one layer that is transparent to X-rays adjacent to another layer that 

is radiopaque. Flynn also suggests adding at least one material having plasticising 
properties or, in the alternative, providing a polymeric material which imparts greater 
flexibility and softness to the plastic material of the radiopaque layer so that the plastic 
material of the blend retains its desired properties of plasticity, softness and flexibility. 

3 0 In both Coneys and Flynn, at least one layer is free from radiopaque filler 
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material. Since it is often desirable to minimize the wall thickness of many catheters and 
maximize the radiopacity thereof, it would be beneficial to provide a multi-layer catheter 
tubing that includes at least some radiopaque material in at least two of the layers thereof. 
This may increase the X-ray visibility of the resulting catheter within the body. 
5 SUMMARY OF THE INVENTION 

The present invention overcomes many of the disadvantages found in the prior 
art by providing a catheter that includes a first layer and a second layer, in a coaxial 
arrangement, wherein each of the layers has a radiopaque filler material intermixed 
therewith. The radiopaque filler materials and/or concentrations may be the same or 

1 0 different for each of the layers. In addition, the plastic binder material used for each of 
the layers may be the same or different. 

In an illustrative embodiment, a first tubular member is provided having a 
proximal end, a distal end, and a lumen extending therethrough. The first tubular 
member preferably includes a first radiopaque filler material intermixed with a first 

15 plastic material. A second tubular member, in coaxial relation with the first tubular 
member, is also provided and preferably includes a second radiopaque filler material 
intermixed with a second plastic material. The first radiopaque filler material is 
preferably different from the second radiopaque filler material. Further, the concentration 
of the first radiopaque filler material is preferably different than the concentration of the 

2 0 second radiopaque filler material. 

The second tubular member may axially overlay the outer surface of the first 
tubular member. In this arrangement, the radiopaque filler material for the first tubular 
member may be selected to be highly radiopaque, and the radiopaque filler material for 
the second tubular member may be selected to provide a relatively smooth outer surface. 

2 5 Accordingly, the X-ray visibility of the catheter may be maximized, while still allowing 

a relatively smooth outer surface. 

To further enhance the surface qualities of the second tubular member, the 
concentration of the radiopaque filler in the second tubular member may be less than the 
concentration of the radiopaque filler in the first tubular member. This may allow the 

3 0 first tubular member to have a relatively high concentration of radiopaque filler material 
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for maximum radiopacity. Since the second tubular member may have a lower 
concentration of radiopaque filler material, and may use a radiopaque filler material that 
is selected to provide a relatively smooth surface, the surface of the second tubular 
member may remain relatively smooth. 

The plastic materials used in the first and second tubular members may be 
selected to optimize the performance of the catheter. For example, the plastic material 
of the first tubular member may be different from the plastic material of the second 
tubular member. In a preferred embodiment, the plastic material used for the first and 
second tubular members is the same. 

A distal tip may be attached to the distal end of the first and/or second tubular 
members. This may be accomplished by adhesive bonding, heat bonding, or any other 
attachment means. Moreover, it is contemplated that the distal tip may be integrally 
formed with the proximal shaft portion. 

The distal tip may include yet another radiopaque filler material intermixed with 
yet another plastic material. In a preferred embodiment, the plastic material of the distal 
tip is the same material as used for the first and second tubular members, but has a lower 
durometer rating. Further, the radiopaque filler material of the distal tip is preferably the 
same type as that used in the first plastic tubular member, rendering the distal tip highly 
radiopaque. It is recognized, however, that the plastic material and/or radiopaque filler 
material may the same or different from that used in the first or second tubular members. 

In addition to the above advantages, the addition of the outer tubular member, 
which is preferably filled with a non-metallic filler material such as bismuth 
subcarbonate, allows the outer surface of the proximal shaft to be colored. Most metallic 
filler materials, including a tungsten filler material, cause the mixture that contains the 
filler material to assume a particular color, such as black. Adding pigment or other 
colorant typically does not change the color of the mixture that has the metallic filler 
material therein. 

Color can play an important role in the identification and use of selected 
catheters. Thus, by axially disposing an outer layer that includes a non-metallic filler 
material around an inner layer that includes a highly radiopaque metallic filler material, 
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the resulting catheter may be both highly radiopaque and have the advantage of a colored 
outer surface. 

Finally, a number of methods for forming a multi-layer tubular assembly for use 
in a catheter is contemplated. A first illustrative method includes the steps of: 
5 intermixing a first radiopaque filler material with a first plastic material, thereby 
providing a first extrudable material; intermixing a second radiopaque filler material with 
a second plastic material wherein the first radiopaque filler material is different from said 
second radiopaque filler material, thereby providing a second extrudable material; and 
co-extruding the first extrudable material and the second extrudable material to form the 

1 0 multi-layer tubular assembly. As discussed above, it is contemplated that the first plastic 
material may be the same or different from the second plastic material. 

A second illustrative method comprises the steps of: intermixing a first 
radiopaque filler material with a first plastic material in a first concentration, thereby 
providing a first extrudable material; intermixing a second radiopaque filler material with 

15 a second plastic material in a second concentration, wherein the first concentration is 
different from the second concentration, thereby providing a second extrudable material; 
and co-extruding the first extrudable material and the second extrudable material to form 
the multi-layer tubular assembly. 

A third illustrative method of the present invention comprises the steps of: 

20 intermixing a first radiopaque filler material with a first plastic material, thereby 
providing a first extrudable material; intermixing a second radiopaque filler material with 
a second plastic material wherein the first radiopaque filler material is different from said 
second radiopaque filler material, thereby providing a second extrudable material; 
extruding the first extrudable material; and extruding the second extrudable material in 

25 coaxial relation with the first extrudable material to form the multi-layer tubular 
assembly. 

Finally, a fourth illustrative method of the present invention comprises the step 
of: intermixing a first radiopaque filler material with a first plastic material in a first 
concentration, thereby providing a first extrudable material; intermixing a second 
3 0 radiopaque filler material with a second plastic material in a second concentration, 



5 



WO 99/17829 



Pa ge 8 of 25 



WO 99/17829 PCT/US98/20644 

wherein the first concentration is different from the second concentration, thereby 
providing a second extrudable material; extruding the first extrudable material; and 
extruding the second extrudable material in coaxial relation with the first extrudable 
material to form the multi-layer tubular assembly. 
5 BRIBE DESCRIPTION OF THE DRAWINGS 

Other objects of the present invention and many of the attendant advantages of 
the present invention will be readily appreciated as the same becomes better understood 
by reference to the following detailed description when considered in connection with the 
accompanying drawings, in which like reference numerals designate like parts throughout 
1 0 the figures thereof and wherein: 

Fig. 1 is a plan view with the hub in cross section of a catheter showing a 
preferred embodiment of the present invention; 

Fig. 2 is a plan view showing a distal portion of the catheter of Fig. 1; 

Fig. 3 is a cross section view of the catheter of Fig. 1 taken along line 3-3, with 
15 the straightener member omitted for clarity; 

Fig. 4 is an alterative cross section of the catheter of Fig. 1 taken along line 3-3 
showing a braid; and 

Fig. 5 is an alterative cross section of the catheter of Fig. 1 taken along line 3-3 
showing a three layer proximal shaft section. 
20 DETAILED DE SCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings, wherein like reference numerals refer to like 
elements throughout the several views, Fig. 1 is a plan view with the hub in cross section 
of a catheter showing a preferred embodiment of the present invention. Fig. 1 shows a 
catheter 10 which includes a proximal shaft portion 12, a distal tip portion 14, and a hub 

2 5 16. Proximal shaft portion 12 has a proximal end 22 and a distal end 24. Proximal shaft 

portion 12 also includes an inner tubular member 26 and an outer tubular member 28 
(see, Fig. 2). The inner tubular member 26 has a lumen 30 extending from proximal end 
22 to distal end 24. Access to the lumen 30 is provided via proximal end 32 of hub 16. 
A strain relief 17 is insert molded with hub 16. The proximal shaft portion 12 

3 0 extends into hub 16 through strain relief 17. Strain relief 17 is preferably made from 
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polyether block amide copolymer (PEBA) with titanium dioxide having a durometer of 
about 63D, and colored white. PEBA is commercially available under the trademark 
PEBAX. 

The proximal shaft portion 12 is preferably formed from two co-extruded layers 
5 of PEBA. It is recognized that two single extrusions may also be used. The inner tubular 
member 26 is preferably formed from PEBA having a durometer of 72 D, and is 70% 
loaded by weight with a tungsten filler. The outer tubular member 28 is preferably 
formed from PEBA having a durometer of 72 D, and is 30% loaded by weight with a 
bismuth subcarbonate filler. Both the inner tubular member 26 and the outer tubular 

10 member 28 also preferably include less than 1% by weight of a UY stabilizer. 

The proximal shaft portion 12 defines the majority of the central lumen. The 
distal tip portion 14 defines the remainder of the central lumen, and is preferably formed 
from a single layer of PEBA having a durometer of 60 D, and is 65% loaded with a 
Tungsten filler. A less than 1% UV stabilizer is also provided. The distal tip 14 is 

1 5 aligned with the distal portion 24 of the proximal shaft portion 1 2, and is attached thereto 
in an abutting relation using a heat bonding process to form smooth inner and outer 
surfaces over the joint. The distal tip 14 is preferably approximately 1 .5 inches long. 

A tubular straightener member 15 is shown disposed around the proximal shaft 
portion 12. The straightener member 15 may facilitate the introduction of the catheter 

20 10 into the body, particular when the distal tip 14 is provided with a preformed curve 
such as pigtail. Before insertion of the catheter 10, the straightener member 15 is 
typically slid distally until the distal tip 14 is disposed therein. The straightener member 
15 is much more rigid than the distal tip 14, and thus tends to "straighten" the distal tip 
14. This allows the distal tip 14 to be more easily inserted into a blood vessel. 

25 Once the distal tip 14 is successfully inserted, the straightener member 15 is 

typically slid proximally as the catheter 10 is moved distally into the vessel. The 
straightener member preferably has a slit extending the full length thereof, which allows 
the straightener member 15 to be removed from the shaft of catheter 10 in a peel away 
fashion and discarded. 

3 0 Fig. 2 is a plan view showing the distal portion of catheter 10. Distal tip portion 
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14 has a proximal end 36, a distal end 38 and a lumen extending from proximal end 36 
to distal end 38. Distal tip portion 14 is attached at proximal end 36 to distal end 24 of 
proximal shaft portion 12 such that the inner lumen 30 of proximal shaft portion 12 and 
the inner lumen of distal tip portion 14 form a continuous lumen extending from 
5 proximal end 22 of proximal shaft portion 12 to distal end 38 of distal tip portion 14. In 
a preferred embodiment, distal tip 14 is tapered so that the inner diameter is smaller to 
fit snugly over a guide wire. 

Eight side holes are provided near the distal end 24 of the proximal shaft portion 
12. Preferably, each of the side holes, for example side holes 44a-c, are spaced 2mm 

10 apart and are 90° offset from adjacent side holes. Thus, the eight side holes are spaced 
in a helix pattern around the circumference of the distal end 24 of the proximal shaft 
portion 12. Each of the eight side holes is generally circular, and extend through the wall 
of the proximal shaft portion 12 along an axis that intersects, and is perpendicular to, the 
axis defined by the central lumen. 

15 Fig. 3 is a cross-sectional view of Fig. 1 taken along line 3-3, with the 

straightener member 15 omitted for clarity. Fig. 3 specifically shows inner tubular 
member 26 and outer tubular member 28. Inner tubular member 26 includes a first 
radiopaque filler material intermixed with a first plastic material. Outer tubular member 
28 includes a second radiopaque filler material intermixed with a second plastic 

20 material. 

The radiopaque filler material of the inner tubular member 26 is preferably 
different from the radiopaque filler material of the outer tubular member 28. Further, the 
concentration of the radiopaque filler material of the inner tubular member 26 is 
preferably different than the concentration of the radiopaque filler material of the outer 

2 5 tubular member 28. 

In a preferred embodiment, the radiopaque filler material for the inner tubular 
member 26 is selected to be highly radiopaque. Typically, metal based radiopaque fillers 
such as tungsten are preferred. The radiopaque filler material for the outer tubular 
member is selected to provide a relatively smooth outer surface, and preferably is a salt 

30 based radiopaque filler such as bismuth subcarbonate. In this arrangement, the X-ray 
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visibility of the catheter 10 may be maximized, while still maintaining a relatively 
smooth outer surface. 

To further enhance the surface qualities of the outer tubular member 28, the 
concentration of the radiopaque filler in the outer tubular member 28 may be less than 
5 the concentration of the radiopaque filler in the inner tubular member 26. As indicated 
above, the outer tubular member 28 is preferably 30% loaded by weight with a bismuth 
subcarbonate filler, while the inner tubular member 26 is preferably 70% loaded by 
weight with a tungsten filler. This may allow the inner tubular member 26 to have a 
relatively high concentration of radiopaque filler material for maximum radiopacity. At 

10 the same time, the outer tubular member 26 may have a lower concentration of 
radiopaque filler material, and may use a radiopaque filler material that is selected to 
provide a relatively smooth surface. 

The plastic materials used in the inner and outer tubular members may be selected 
to optimize the performance of the catheter. In one embodiment, the plastic material of 

15 the inner tubular member 26 may be different from the plastic material of the outer 
tubular member 28. In a preferred embodiment, the plastic material used for the inner 
and outer tubular members is the same, namely, PEBA having a durometer of 72D. 

The distal tip portion 14 may include yet another radiopaque filler material 
intermixed with yet another plastic material. In a preferred embodiment, the plastic 

20 material of the distal tip is the same material as used for the inner and outer tubular 
members, but has a lower durometer rating (e.g. more flexible). The distal tip portion 14 
is formed fiom PEBA having a durometer of 60D. Further, the radiopaque filler material 
of the distal tip is preferably the same type as used in the inner tubular member 26, 
namely tungsten. This may render the distal tip highly radiopaque. Finally, the 

25 concentration of the radiopaque filler material in the distal tip portion 14 is preferably 
65%, which is slightly lower than that of the inner tubular member 26, and less than 1% 
by weight of a UV stabilizer is added. It is recognized, however, that the plastic material 
and/or radiopaque filler material used in the distal tip 14 may the same or different from 
that used in the first or second tubular members. 

30 Most metallic filler materials, including a tungsten filler material, cause the 
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mixture that contains the filler material to assume a particular color. For example, the 
tungsten filler material that is preferably used in the inner tubular member 26 and the 
distal tip 14 typically causes these components to assume a black color. Adding pigment 
or other colorant typically does not change the color of the mixture that has the metallic 
filler material therein. 

In addition to the above advantages, the addition of outer tubular member 28, 
which is preferably filled with a non-metallic filler material such as bismuth 
subcarbonate, allows the outer surface of the proximal shaft to be colored. In a preferred 
embodiment, less than 1% by weight of phthalocyanine blue and violet23 colorant are 
added to the outer tubular member 28. 

Color can play an important role in the identification and use of selected 
catheters. For example, color can identify certain characteristics about the catheter that 
are not readily evident by looking at the catheter. For example, color can be used to 
distinguish between various diameter catheters. In addition, color bands or rings may be 
provided on the catheter shaft, at selected distances from the distal end of the catheter. 
These color bands or rings can be used to determine how far the distal end of the catheter 
is inserted into the body. These and other advantages are provided by coloring the outer 
surface of selected portions of the catheter. Thus, by axially disposing an outer layer that 
includes a non-metallic filler material around an inner layer that includes a highly 
radiopaque metallic filler material, the resulting catheter may be both highly radiopaque 
and have the advantages of a colored outer surface. 

A number of methods are contemplated for manufacturing the multi-layer 
proximal shaft portion 12. A first illustrative method includes the steps of: intermixing 
a first radiopaque filler material with a first plastic material, thereby providing a first 
extrudable material; intermixing a second radiopaque filler material with a second plastic 
material wherein the first radiopaque filler material is different from said second 
radiopaque filler material, thereby providing a second extrudable material; and co- 
extruding the first extrudable material and the second extrudable material to form the 
multi-layer tubular assembly. As discussed above, it is contemplated that the first plastic 
material may be the same or different from the second plastic material. 
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A second illustrative method comprises the steps of: intermixing a first 
radiopaque filler material with a first plastic material in a first concentration, thereby 
providing a first extrudable material; intermixing a second radiopaque filler material with 
a second plastic material in a second concentration, wherein the first concentration is 
5 different from the second concentration, thereby providing a second extrudable material; 
and co-extruding the first extrudable material and the second extrudable material to form 
the multi-layer tubular assembly. It is contemplated that the first radiopaque filler may 
the same or different from the second radiopaque filler material. Further, it is 
contemplated that the first plastic material may be the same or different than the second 

10 plastic material. 

A third illustrative method of the present invention comprises the steps of: 
intermixing a first radiopaque filler material with a first plastic material, thereby 
providing a first extrudable material; intermixing a second radiopaque filler material with 
a second plastic material wherein the first radiopaque filler material is different from said 

15 second radiopaque filler material, thereby providing a second extrudable material; 
extruding the first extrudable material; and extruding the second extrudable material in 
coaxial relation with the first extrudable material to form the multi-layer tubular 
assembly. As with the first illustrative method described above, it is contemplated that 
the first plastic material may be the same or different from the second plastic material. 

2 0 Finally, a fourth illustrative method of the present invention comprises the step 

of: intermixing a first radiopaque filler material with a first plastic material in a first 
concentration, thereby providing a first extrudable material; intermixing a second 
radiopaque filler material with a second plastic material in a second concentration, 
wherein the first concentration is different from the second concentration, thereby 
25 providing a second extrudable material; extruding the first extrudable material; and 
extruding the second extrudable material in coaxial relation with the first extrudable 
material to form the multi-layer tubular assembly. As with the second illustrative method 
discussed above, it is contemplated that the first radiopaque filler may the same or 
different from the second radiopaque filler material. Further, it is contemplated that the 

3 0 first plastic material may be the same or different than the second plastic material. 
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Fig. 4 is an alternative cross section of the catheter of Fig, 1 taken along line 3-3 
showing a braid 50. Braid 50 may be provided between inner tubular member 52 and 
outer tubular member 54, as shown. The construction and properties of inner tubular 
member 52 and outer tubular member 54 may be the same as described above with 
5 respect to inner tubular member 26 and outer tubular member 28. 

Fig. 5 is an alterative cross section of the catheter of Fig. 1 taken along line 3-3 
showing a three layer proximal shaft section. In this embodiment, three layers are 
provided including an inner tubular member 60, an intermediate tubular member 62 and 
an outer tubular member 64. Preferably, the inner tubular member 60 and outer tubular 

10 member 64 have a radiopaque filler material that is selected to provide a relatively 
smooth surface. Further, the concentrations of the radiopaque filler material in the inner 
and outer tubular members is preferably less than the concentration of the radiopaque 
filler in the intermediate tubular member 62. 

The intermediate tubular member 62 may have a radiopaque filler material that 

15 is selected to provide high radiopacity . Further, the concentration of the radiopaque filler 
material is preferably higher than that concentration of the radiopaque filler in the inner 
and outer tubular members 60 and 64. In this configuration, the inner and outer tubular 
members 60 and 64 may provide relatively smooth inner and outer surfaces, while the 
intermediate layer 62 may provide high radiopacity. 

20 In another illustrative embodiment, the inner tubular member 60 may have a 

higher concentration of a radiopaque filler material than either the outer tubular member 
64 or the intermediate tubular member 62. This illustrative embodiment recognizes that 
a smooth inner surface may not be required in selected applications such as angiographic 
applications. In these applications it may be more important to provide a highly 

2 5 radiopaque shaft portion. 

Having thus described the preferred embodiments of the present invention, those 
of skill in the art will readily appreciate that yet other embodiments may be made and 
used within the scope of the claims hereto attached. 
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WHAT IS CLAIMED: 

1 . A tubular assembly for an intravascular catheter comprising: 

a. a first tubular member having a proximal end, a distal end, and a lumen 
extending therethrough, said first tubular member comprising a first radiopaque filler 
material intermixed with a first plastic material; and 

b. a second tubular member in coaxial relation with said first tubular 
member, said second tubular member comprising a second radiopaque filler material 
intermixed with a second plastic material, wherein said second radiopaque filler material 
is different from said first radiopaque filler material. 

2. The tubular assembly of claim 1 wherein said first and second plastic 
materials are PEBA. 

3. The tubular assembly of claim 1 wherein said first and second plastic 
materials are different materials. 

4. The tubular assembly of claim 1 wherein said first radiopaque filler 
material is a metal based radiopaque filler. 

5. The tubular assembly of claim 4 wherein said first radiopaque filler 
material is tungsten and said second radiopaque filler material is bismuth subcarbonate. 

6. The tubular assembly of claim 5 wherein at least one of said first and 
second plastic materials contains a colorant. 

7. A tubular assembly for an intravascular catheter comprising: 

a. a first tubular member having a proximal end, a distal end, and a lumen 
extending therethrough, said first tubular member comprising a first radiopaque filler 
material intermixed with a first plastic material, said first radiopaque filler material 
having a first concentration; and 
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b. a second tubular member in coaxial relation with said first tubular 
member, said second tubular member comprising a second radiopaque filler material 
intermixed with a second plastic material, said second radiopaque filler material having 
a second concentration wherein said first concentration is different from said second 
5 concentration. 

8. The tubular assembly of claim 7 wherein said first and second plastic 
materials are PEBA. 

10 9. The tubular assembly of claim 7 wherein said first and second plastic 

materials are different materials. 

10. The tubular assembly of claim 7 wherein said first radiopaque filler 
material is a metal based radiopaque filler. 

15 

11. The tubular assembly of claim 8 wherein said first radiopaque filler 
material is tungsten and said second radiopaque filler material is bismuth subcarbonate. 

12. The tubular assembly of claim 7 wherein the first radiopaque filler 
2 0 material and the second radiopaque filler material are the same filler material. 

1 3 . The tubular assembly of claim 7 wherein said first concentration is greater 
than said second concentration. 

25 14. The tubular assembly of claim 7 wherein said first concentration is less 

than said second concentration. 

15. The tubular assembly of claim 7 wherein at least one of said first and 
second plastic materials contains a colorant. 

30 
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16. A tubular assembly for an intravascular catheter comprising: 

a. a first tubular member having a proximal end, a distal end, and a lumen 
extending therethrough, said first tubular member comprising a first radiopaque filler 
material intermixed with a first plastic material; 

b. a second tubular member having a proximal end, a distal end, said second 
tubular member in coaxial relation with said first tubular member, said second tubular 
member comprising a second radiopaque filler material intermixed with a second plastic 
material, wherein said second radiopaque filler material is different from said first 
radiopaque filler material; and 

c. a distal tip attached to the distal end of at least one of said first and second 
tubular members, said distal tip comprising a third radiopaque filler material intermixed 
with a third plastic material. 

17. The tubular assembly of claim 16 wherein said third radiopaque filler 
material is the same as the first radiopaque filler material. 

18. The tubular assembly of claim 17 wherein said third radiopaque filler 
material and said first radiopaque filler material comprise tungsten. 

19. The tubular assembly of claim 1 8 wherein said second radiopaque filler 
material comprises bismuth subcarbonate. 

20. The tubular assembly of claim 1 9 wherein said third plastic material and 
the first plastic material are PEBA. 

21. A tubular assembly for an intravascular catheter comprising: 

a. a first tubular member having a proximal end, a distal end, and a lumen 
extending therethrough, said first tubular member comprising a first radiopaque filler 
material intermixed with a first plastic material at a first concentration; and 

b. a second tubular member having a proximal end and a distal end, said 
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second tubular member in coaxial relation with said first tubular member and comprising 
a second radiopaque filler material intermixed with a second plastic material at a second 
concentration, wherein said first concentration is different from said second 
concentration; and 

5 c. a distal tip attached to the distal end of said first and second tubular 

members, said distal tip comprising a third radiopaque filler material intermixed with a 
third plastic material at a third concentration. 

22. The tubular assembly of claim 21 wherein said first concentration is 
1 0 higher than said second concentration. 

23. The tubular assembly of claim 22 wherein said first concentration is 
higher than said third concentration. 

1 5 24. The tubular assembly of claim 22 wherein said first concentration is lower 

than said third concentration. 

25. The tubular assembly of claim 21 wherein said first concentration is lower 
than said second concentration. 

20 

26. The tubular assembly of claim 25 wherein said first concentration is 
higher than said third concentration. 

27. The tubular assembly of claim 25 wherein said first concentration is lower 

2 5 than said third concentration. 

28. A method of forming a multi-layer tubular assembly for use in a catheter, 
the method comprising the steps of: 

a. intermixing a first radiopaque filler material with a first plastic material, 

3 0 thereby providing a first extrudable material; 
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b. intermixing a second radiopaque filler material with a second plastic 
material wherein the first radiopaque filler material is different from said second 
radiopaque filler material, thereby providing a second extrudable material; and 

c. co-extruding the first extrudable material and the second extrudable 
material to form the multi-layer tubular assembly. 

29. A method according to claim 28 wherein the first plastic material is the 
same as the second plastic material. 

30. A method according to claim 28 wherein the first plastic material is 
different from the second plastic material. 

31. A method of forming a multi-layer tubular assembly for use in a catheter, 
the method comprising the steps of: 

a. intermixing a first radiopaque filler material with a first plastic material 
in a first concentration, thereby providing a first extrudable material; 

b. intermixing a second radiopaque filler material with a second plastic 
material in a second concentration, wherein the first concentration is different from the 
second concentration, thereby providing a second extrudable material; and 

c. co-extruding the first extrudable material and the second extrudable 
material to form the multi-layer tubular assembly. 

32. A method according to claim 31 wherein the first plastic material is the 
same as the second plastic material 

33. A method according to claim 31 wherein the first plastic material is 
different from the second plastic material. 

34. A method according to claim 31 wherein the first concentration is greater 
than the second concentration. 
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35. A method according to claim 31 wherein the first concentration is less 
than the second concentration. 

36. A method of forming a multi-layer tubular assembly for use in a catheter, 
the method comprising the steps of: 

a. intermixing a first radiopaque filler material with a first plastic material, 
thereby providing a first extrudable material; 

b. intermixing a second radiopaque filler material with a second plastic 
material wherein the first radiopaque filler material is different from said second 
radiopaque filler material, thereby providing a second extrudable material; 

c. extruding the first extrudable material; and 

d. extruding the second extrudable material in coaxial relation with the first 
extrudable material to form the multi-layer tubular assembly. 

37. A method of forming a multi-layer tubular assembly for use in a catheter, 
the method comprising the steps of: 

a. intermixing a first radiopaque filler material with a first plastic material 
in a first concentration, thereby providing a first extrudable material; 

b. intermixing a second radiopaque filler material with a second plastic 
material in a second concentration, wherein the first concentration is different from the 
second concentration, thereby providing a second extrudable material; 

c. extruding the first extrudable material; and 

d. extruding the second extrudable material in coaxial relation with the first 
extrudable material to form the multi-layer tubular assembly. 
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